The atomic displacements of many of the atoms in a macromolecular structure can be modelled in terms of group motions described in the harmonic approximation by T, L and S tensors. Relevant groups may be planar side groups of protein chains, units of secondary structure such as o~-helices or whole protein domains. For the TLS parameters to be interpreted, they must be related to the axes of inertia of the rigid groups and, in the case of the T and S tensors, must be calculated with respect to the centre of reaction of the rigid group. A program (TLSANL)
Introduction
There is much evidence from structure refinement (Holbrook & Kim, 1984; Sali et al., 1992) , normal-mode analysis (Diamond, 1990; Kidera, Inaka, Matsushima & Go, 1992) and molecular dynamics (Brooks & Karplus, 1985) that the mean-square displacements of selected groups of atoms in macromolecular structures such as proteins or DNA can be modelled in terms of group displacements. Within the harmonic approximation, such group displacements can be described in terms of translation (T), libration (L) and screwrotation (S) tensors (Schomaker & Trueblood, 1968) .
The function of TLSANL is to produce an analysis of the refined TLS parameters for a rigid group in a macromolecular refinement. The interpretation of the TLS tensors in terms of rigid-body motions is usually very difficult when the tensor components are with respect to crystallographic and other axes that are not related to the geometry of the rigid body. The purpose of the program TLSANL is to transform these parameters in such a way that they may be more clearly related to the geometry of the rigid group.
In this work, TLS tensor components have been obtained from the segmented anisotropic refinement of protein structures carded out with the restrained least-squares refinement program RESTRAIN (Haneef, Moss, Stanford & Borkakoti, 1985 Earlier software that carded out an analysis of T, L and S tensors was published by Schomaker & Trueblood (1968) .
TLSANL extends the analysis carded out by these authors by relating the directions of the principal axes of the tensors to the axes of inertia of the rigid bodies; it also permits the direct input of macromolecular coordinates in Brookhaven format (Bernstein et al., 1977) . Amar~an & Yticel (1982) published a program that also analysed rigid-body motion but used the T and L tensors only.
TLSANL calculates T and S components with respect to the centre of reaction. This is the natural origin for use in the interpretation or publication of tensor values. From these transformed tensor components, TLSANL calculates the amplitudes squared and direction cosines for the translation and libration of the rigid groups. This information gives insight into how much of the anisotropic motion of the rigid group is translational in character, i.e. shared by the whole molecule, and how much reflects local librational motions of individual groups.
The program TLSANL has been used at Birkbeck College to analyse the results of the TLS refinement of bovine pancreatic ribonuclease A ) and at the Reading Laboratory of the Institute of Food Research to analyse the TLS refinement of monoclinic papain and compare it with the TLS refinement of ribonuclease (Harris, Pickersgill, Howlin & Moss, 1992) . The authors believe that following the general release of RESTRAIN in 1989 and with the availability of highresolution data for macromolecules from synchrotron sources, allowing the TLS refinements, the program TLSANL may be of general interest.
Structure and overview of the program

(a) Input requirements
The program requires as input a coordinate file in Brookhaven format (Bernstein et al., 1977) , which also contains TLS records in a format used by RESTRAIN. RESTRAIN is very flexible in that it allows a rigid group in a protein to be defined as a side chain, a secondary structural element or even the whole molecule. From the input TLS parameters, RESTRAIN calculates individual atomic anisotropic displacement parameters for use in the structure-factor calculation and outputs refined TLS parameters in the coordinate set. Orthogonal atomic coordinates in A, and not fractional coordinates, are employed in TLSANL, following the usual Brookhaven convention.
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One TLS record spans several physical lines. The record starts with the TLS identifier, 'TLS', followed by an integer that indicates the number of segments, NSEGM. Each segment is made up of contiguous atom records from the Brookhaven file which contains the atoms of the TLS group. The subsequent NSEGM lines contain the specifications of the atoms in each segment of the associated TLS group. Each of these NSEGM lines contains two atom indentifiers indicating the start and finish of the segment, followed by the identifiers of atoms to be selected from this segment for inclusion in the TLS group. An atom identifier is interpreted as a character string, not as an integer. Atom names must conform to the Brookhaven convention. One blank character between nonblank characters of an atom identifier is sufficient. All atom codes found in the Brookhaven atom files can be used. Four group codes can also be specified: 'SDCH', 'MNCH', 'ALL' and 'NOT'. 'MNCH' selects all main-chain atoms ('N', 'CA', 'C' and 'O'), 'SDCH' selects all non-mainchain atoms, 'ALL' selects all atoms and 'NOT' negates the selection of atom types on the line. The order of atom specifiers is not important.
The next four lines of the TLS record contain the local origin that was used for calculations with this TLS group, followed by the components of the T, L and S tensors. The local origin is a point that is usually chosen to be close to the centre of mass of the group or close to an atom such as C/3, which is assumed to be near the centre of libration of a side chain. The S-tensor line ends the TLS record. The position and order of TLS records in the Brookhaven atom file are not important but it is convenient to have them collected together at the top of the atom file.
Record line
Format Unit It should be noted that only the differences between the diagonal elements of S can be determined from Bragg reflections. In order to calculate the diagonal elements from these differences, TLSANL assumes that the trace of the S tensor is zero.
Running the program is simple. There are three steering keywords: XYZIN followed by the input coordinates filename; XYZOUT followed by the output coordinates filename; and ANISO, used if a printed analysis of the calculated anisotropic mean-square displacement tensors for the atoms inside the TLS group is required.
Here is an example that runs under Unix:
tlsanl <<EOF XYZIN input.file XYZOUT output.file ANISO EOF.
Although the program takes output directly from RESTRAIN, it is relatively easy to replace the input routine by another if 
(b) Analysis performed
In order to understand the nature of rigid-body vibrations, it is necessary to transtbrm the TLS tensors so that they can be related to the principal axes of the rigid body. For example, if the rigid body consists of the main-chain atoms of an c~-helix, then we need to understand how the principal axes of libration of the helix are related to both the input orthogonal coordinate axes and the axes of inertia of the helix.
The TLS model of Schomaker & Trueblood (1968) consists of a translation tensor (T) that has six components, a libration tensor (L) that has six components and a screw-rotation tensor (S) that has nine components. TLSANL calculates the diagonal components of S and carries out a full 21-component analysis.
The natural origin for describing rigid-body motion is the 'centre of reaction' (Schomaker & Trueblood, 1968; Johnson & Levy, 1974) , which is the centre of libration in the special case where translation and libration are uncorrelated. While the L tensor is independent of choice of origin, this is not true of the T and S tensors. The choice of the centre of libration as origin minimizes the trace of T and makes S symmetric.
There are thus two sets of axial directions (the coordinate axes CX and the principal axes of L, LX) and two origins (that used in the TLS refinement, LO, and the centre of reaction, CO) to be considered, giving rise to four possible sets of TLS tensors. In addition, the angles that LX makes with the rigid-body axes RX will be of special interest. The matrix algebra implemented for the TLS tensor transformations is well summarized by Johnson & Levy (1974) . This analysis has been extended and a full list of the transformations performed is given in Table 1 .
(c) Output
The program generates two output files. The first is a log file containing the mean librations and translations and the centres of reaction of the TLS groups, analysed group by group. The second is a coordinate file with anisotropic mean-square displacement amplitudes for the individual atoms in the TLS groups. The coordinate file is in Brookhaven format, with the six values of the anisotropic displacement parameter tensor (UI~, U22, U33, U23, U~3, U~2) written out immediately following the coordinate record of that atom, with the record identifier ANISO (format A6,6X,6F10.5). This allows the use of the ORTEP program to produce diagrams of the thermal ellipsoids (Johnson, 1965) . This file is in a suitable format for submission to the Brookhaven Databank.
The log file gives an analysis of the TLS parameters for each TLS group. The input TLS parameters with respect to LO are printed first. TLSANL then calculates:
(1) the centre of reaction CO of the rigid-body motion and the vector (CO-LO);
(2) the positions and distances of the screw-rotation axes from the centre of reaction with respect to the eigenvectors of the L matrix (LX);
(3) the T, L and S tensors with respect to LX and CO;
(4) the principal axes of the the T and L tensors referred to CX and CO and the associated mean-square displacements;
(5) the principal axes of the rigid body RX together with the root-mean-square displacements of the atoms from the planes normal to the axes and the angles that these axes make with CX;
(6) the angles between RX, CX and LX; (7) the mean-square anisotropic displacement parameters (U tensors) of the individual atoms in the rigid group, checking for physical significance;
(8) the equivalent isotropic displacement parameter for each atom and an estimate of the anisotropy (the ratio of the largest to smallest eigenvalue of the U tensor) of the mean-square atomic displacement;
(9) libration corrections for certain bond lengths for small groups such as protein side chains;
(10) average translations and librations for each small group type.
The mean quantities calculated under (4) above are those to be quoted when results are reported. The mean libration or translation is given by Tr(T)/3 or Tr(L)/3 of the translation (T) or libration (L) matrices. An indeterminacy arises where the rigid group lies on a conic section (Johnson & Levy, 1974) . This occurs for planar groups of four or fewer atoms, such as the carboxylate and amide groups on some protein side chains. Here, the translation and libration tensors are not uniquely determined and only the translation parallel to the plane of the atoms { 1/2[Tr(T)-nTTn]} and the libration perpendicular to the plane (nTLn) can be defined. In these equations, n is the unit vector perpendicular to the atomic plane and T denotes the matrix transpose.
(d) Implementation
The program is written in standard Fortran77. Apart from the main calling routine, the coordinates and input TLS tensors are read with subroutine READXY. The transformation to CO and analysis with respect to RX are done with subroutine TLSCEN and the TLS tensor for each atom is converted by TLSTOU and UANELL to anisotropic mean-square displacement tensors, which are then written out, together with the coordinates, by WRITXY. Significance calculations for selected atoms are performed with UANSIG.
Use of the program
Internal use
The program has been used at Birkbeck College to analyse the parameters from a TLS refinement of ribonuclease A (124 residues, 45 TLS groups) .
External use
The program has been used at the Institute of Food Research, Reading, to analyse the parameters from a TLS refinement of monclinic papain (212 residues, 68 TLS groups) and to compare the results from the TLS refinements of papain and ribonuclease A (Harris, Pickersgill, Howlin & Moss, 1990) .
General use
The program has been run on an Amdahl 780 at the University of London Computing Centre, a MicroVAX II at the IFR, Reading, a Convex C220 at Birkbeck College, a Prime cluster and a Hewlett Packard Unix machine at the University of Surrey.
Although the program has been designed to interface with the output from RESTRAIN, the input coordinates are in Brookhaven format, so any data set with the appropriate TLS tensors added can be used.
Availability
The program can be obtained from Dr B. Howlin via e-mail (chslbh@uk.ac.surrey) or by written application.
